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ABSTRACT
This report discusses research involving the reactions of 2arylprop-1-en-3-yltrimethyl ammonium iodides with sulfur nucleophiles and
the useful synthetic applications of the adducts formed.
work may be subdivided into four sections:

The present

1) reactions of several 2-

arylprop-1-en-3-yltrimethylammonium iodides with benzenethiol; 2)
reactions of several 2-arylprop-1-en-3-yltrimethylammonium iodides with
the sodium salt of benzenesulfinic acid; 3) reactions of several 2arylprop-1-en-3-yltrimethylammonium iodides with 2-mercapto-1methyl imidazole; and 4) oxidation of 2-aryl-3-phenylthio-1-propenes and
2-aryl-3-phenylsulfonyl-1-propenes using sodium perborate.

This report

outlines the experimental conditions and procedures responsible for the
synthesis of these products; in addition, this report describes the
physical properties, NMR and IR spectra of the compounds synthesized, as
well as offers a possible mechanism for their formation.
compounds synthesized include:

The classes of

2-aryl-3-phenylthio-1-propenes; 2-aryl-

3-phenylsulfonyl-1-propenes; 3-(2-aryl-l-propenyl)2-(1-methylimidazoyl)thioethers; and 2-aryl-2-acetoxy-3-phenylsulfonyl-1propanols.
this area.

Recommendations are listed to suggest future research in
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INTRODUCTION
In recent years, particular interest has been focused upon the
synthetic versatility of iminium salt systemsl-5; specifically, our
laboratory has been interested in investigations concerning the
synthetic utility of 2-arylvinamidinium salts.6-11
These arylvinamidinium salt compounds (1) are worthwhile to study
because they are readily accessible from their corresponding
phenylacetic acids, as shown in Figure 1.

The mechanism for this

reaction is thought to occur through a Vilsmeir-Haack type intermediate3
where an iminium salt is generated by reacting DMF with phosphorous
oxychloride.

Vinamidinium salts have been shown to react with both

electrophiles and nucleophiles; in addition, vinamidinium salts undergo
substitution reactions rather than addition reactions due to enhanced
stability (because of the delocalization of their six pi
electrons).2,7,12-15
Lately, organic chemists have shown considerable interest in the
reduction of iminium salts.16-17

Sundberg17 found that thioenaminones

can be selectively methylated on sulfur to produce an iminium salt
(Figure 2), which can then be selectively reduced to yield vinylsulfides
(2).

Also, both sodium borohydride and sodium cyanoborohydride

reductions of iminium ion systems have been previously reported. 18 , 19
In our laboratory, reductions on 2-arylvinamidinium perchlorates with
sodium borohydride have been performed,20 producing N,N-dimethylallylic
amines (3) in good to excellent yields as shown in Figure 3.
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Figure 1. Preparation of 2-arylvinamidinium perchlorates from
substituted phenylacetic acids, DMF, and phosphoroxychloride.

(2)
Figure 2. Preparation of vinylsulfides from thioenaminones using
iodomethane and sodium borohydride.
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Figure 3. Preparation of N,N-dimethylallylic amines from 2-arylvinamidinium perchlorates using sodium borohydride.
The sodium borohydride reduction follows a reduction-eliminationreduction sequence, and a proposed mechanism explaining this sodium
borohydride reduction of 2-arylvinamidinium perchlorates is shown in
Fig. 4.

Note that the formation of the various N,N-dimethylallylic

amines involves the addition (nucleophilic attack) of a hydride ion,
which generates a product that complexes with borane.

This borane

complex then undergoes elimination followed by addition of another
hydride ion.

An alternative pathway involves the concerted process of a

hydride transfer from the borane-amine complex.
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Figure 4. Postulated mechanism for the formation of N,N-dimethylallylic
amines from "the sodium borohydride reduction of 2-arylvinamidinium
perchlorates~

5

For many years allylic compounds have been of synthetic interest to
organic chemists. 21 Goering and coworkers22 have recently studied the
cross coupling reactions of analogous allylic carboxylates (4) with
Grignard reagents containing catalytic amounts (1-10 mol %) of various
Cu(I) salts (Figure 5).

In a review by Magid21 concerning the

nucleophilic and organometallic displacement reactions of allylic
compounds, it is pointed out that very few substitution reactions occur
when the leaving group has the amino functionality.

It has recently

been reported 23 that a variety of 2-aryl-3-N,N-dimethylamino-1-propenes
(5) react with butyllithium in THF at

o0 c

to produce the corresponding

2-aryl-3-N,N-dimethylamino-1-propenes (6) as shown in Figure 6.

Note

that these allylic systems are interesting since the double bond has the
ability of becoming activited to a certain extent by the aromatic
ring.

The formation of the 2-aryl-3-substituted-l-propenes can be

considered to involve an SN2

;

addition-elimination process.

process which could be occurring by an
Since the dimethylamino group is removed

with relative ease, this may suggest that coordination is taking place
between lithium and the amino group in the elimination step (Figure 7).
The 2-aryl-3-N,N-dimethylamino-1-propenes produced by Gupton and
coworkers24 were then examined for their behavior with other organometallic species.

Although these amines reacted with excess n-butyl-

lithium or t-butyllithium relatively cleanly and in good yields,
subsequent trials involving methylmagnesium bromide (with and without
Cu(I) salts) resulted in the recovery of only starting material.

Since

the reactions of these amines with organometallic species proved
disappointing, Gupton and coworkers24 decided to investigate the
preparation of the corresponding allylic quaternary ammonium salts.

6

DJ;

....-BuMgBr

0

1°10 CuCN

I

C=O

....-Bu

I

t-Bu

Figure 5. Cross coupling reaction of an allylic carboxylate with
Grignard reagents and 1% CuCN salt.
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Figure 6. Preparation of 2-aryl-3-substituted-l-propenes from 2-aryl-3N,N-dimethylamino-1-propenes and butyllithium.
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R

I
Figure 7. Proposed dimethylamino group replacement via coordination
between lithium and the amino group in an elimination step.
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Allylic quaternary ammonium iodides can be easily prepared in
nearly quantitative yield by stirring a mixture of excess methyl iodide
in THF with the required 2-aryl-3-N,N-dimethylamino-1-propene, as shown
in Section A of the Experimental part of this report.

Phenylmagnesium

bromide has been shown 24 to react smoothly with the 2-arylquaternary
ammonium iodide to give a 2,3-diaryl-1-propene, which upon distillation
completely isomerizes to the l,2-diaryl-1-propene (Figure 8).

In

addition, 2-arylprop-l-en-3-yltrimethylammonium iodides (7) have also
been shown to react with a variety of organometallic reagents, such as
n-butyllithium, t-butyllithium, methylmagnesium bromide and Li(n-Bu) 2Cu
complex (Figure 9). Gupton and coworkers24 have also reduced these 2arylquaternary ammonium iodides with sodium borohydride to yield the
corresponding styrene analogs (Figure 10).
The chemistry of quaternary ammonium iodide salts is exciting
because of the versatility with which they can be reacted.

Since these

iodide salt systems can react with a variety of nucleophiles, they have
been used in the synthesis of natural products; specifically, these
salts have been useful in the synthesis of indole alkaloids, 25 - 28 and
antitumor agents.29

For example, the utility of these quaternary

ammonium iodides can be seen in the synthesis of indole-3-acetic acid or
heteroauxin (8), a plant growth hormone (Figure 11).25-27

Through the

use of a quaternary ammonium iodide, a key conversion needed in
synthesizing antitumor agent CC-1065 was achieved in making the
necessary phosphonium iodide from the ammonium iodide (Figure 12). 29
In light of the previous discussion, it would be important,
interesting, and perhaps worthwhile if we investigated more of the
chemistry involving 2-arylprop-1-en-3-yltrimethylammonium iodides.

8

Since these particular quaternary ammonium iodides are easily accessible
from the corresponding vinamidinium salts via a two-step conversion
(Figure 13), the chemistry involving these quaternary systems should
help our fundamental understanding of iminium salt chemistry.

Also,

because it has been shown that 2-aryl-prop-1-en-3-yltrimethylammonium
iodides react with a variety of carbon nucleophiles, we propose to
investigate the reactions of these quaternary ammonium iodides with
several different sulfur nucleophiles.
propose the following:

To accomplish this goal, we

(1) to investigate the reactions of several 2-

arylprop-1-en-3-yltrimethylanunonium iodides with the sodium salt of
benzenethiol; (2) to investigate the reactions of several 2-arylprop-1en-3-yltrimethylarrrnonium iodides with the sodium salt of benzenesulfinic
acid; and (3) to investigate the reactions of several 2-arylprop-1-en-3yltrimethyl arrmonium iodides with the sodium salt of 2-mercapto-1methylimidazole.
In addition to examining the reactions of these quaternary ammonium
iodides with different sulfur nucleophiles, we shall also be interested
in studying any useful synthetic applications of the adducts formed upon
completion of these reactions.

Ar

-I

~NMe3

Ph Mg Cl

THF

~

Ph

Ar

("
Ph

Figure a. Preparation of 1,2-diaryl-l-propenes from 2-arylquaternary
ammonium iodides.

9

A

RM or RzM.
THF

R

Figure 9. Reaction of 2-arylprop-1-en-3-yltrimethylammonium iodides
with organometallic reagents.

x

A
Figure 10.

Reduction of 2-arylprop-1-en-3-yltrimethylammonium iodides.

KCN

Figure 11. Use of a quaternary anvnonium iodide in the synthesis of
indole-3-acetic acid.
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Mel

Figure 12. Use of a quaternary ammonium iodide in the conversion to a
phosphonium iodide.

R

R

R
Mel

NMe 2

H

H

Figure 13. Preparation of 2-arylprop-1-en-3-yltrimethylammonium iodides
from the corresponding vinamidinium perchlorate.

EXPERIMENTAL
A.

General
Infrared spectra were recorded on a Perkin-Elmer Model 1420 ratio

recording infrared spectrometer and absorptions are reported in cm-1.
Samples were run as thin films, nujol mulls, or a CHC1 3 solutions.
Proton NMR spectra were obtained at 60 MHz on a Varian Em-360 NMR
spectrometer.

Chemical shifts were reported in ppm ( 0 ) downfield from

tetramethylsilane, which was used as the internal standard.

Solvent

systems used in obtaining NMR spectra include CDC1 3 and DMSO-d 6 •
Melting points were determined using a Fischer-Johns melting point
apparatus; also, distillations were determined using a Kugelrohr
distillation apparatus (0.1-0.5 mm Hg).
Removal of solvents in vacuo was performed using a Buchi RotovaporR rotary evaporator and a thermostatically controlled hot water bath.
Anhydrous magnesium sulfate was used as the drying agent in reaction
workups.
In order to prepare an analytically pure sample, either column
chromatography was carried out using Mallincrodt SilicAR cc-7, 100-200
mesh silica gel (eluent:

60/40, v/v, hexane EtOAc), Kugelrohr

disti.llation, or a Harrison Research Chromatotron {preparative,
accelerated thin-layer chromatograph) was used.

11
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B.

Preparation of 2-arylprop-1-en-3-yltrimethylammonium iodides

x

~

Mel

NMe 2

THF

Table I
Preparation of 2-arylprop-1-en-3-yltrimethylarmnonium iodides

x

Entrl

% Yield

mp {°C)

1

4-methoxyphenyla

90

172-179

2

4-chlorophenylb

95

229-230 {dee)

3

3,4-dimethoxyphenylc

96

179-780

4

1-naphthyld

93

197-199

5

4-bromophenyle

95

218-221 {dee)

6

phenylf

99

156-160

asee the following experimental procedure for spectral data.
bNMR (CDC1 3 and CH 3SOCH3-d 6 ) o 3.00 (s,9H}, 4.57 (s,2H), 5.74 (s,lH),
5.82 (s,lH), 7.27 (d,J=8Hz,2H) and 7.50 (d,J=8Hz,2H); IR (nujol) 1490,
1085, 1010, 950, 920, 890 and 835 cm-1.
CNMR (CDC1 3 ) o 3.30 (s,9H), 3.80 (s,3H), 3.93 (s,3H), 4.96 {s,2H), 5.65
(s,lH), 5.83 (s,lH) and 6.65-7.10 (m,3H); IR (nujol) 1515, 12~5, 1140,
1020, 880, 845, 815 and 765 cm-1.
dsee the following experimental . procedure for spectral data.
eNMR {CDC1 3 and DMSO-d 6 ) o 3.17 (s,9H), 4.80 (s,2H), 5.97 (s,2H) and
7.65 (s,4H); IR (nujol) 1485, 1070, 1005,. 950, 920, 890 and 830 cm- 1 •

"

13
fNMR (CDC1 3 ) o 3.35 (s,9H), 5.00 (s,2H), 5.85 (s,lH), 6.12 (s,lH) and
7.25-7.85 (m,5H); IR (nujol) 1620, 1495, 890, 780 and 715 cm-1.

C, 48.01; H, 5.05; N, 4.67.

Anal. Calcd. for C12H15IN:

Found:

C,

47.43; H, 6.08; N, 4.43.
Preparation of 2-(4-methoxyphenyl)prop-1-en-3-yltrimethylammonium iodide
2-(4-Methoxyphenyl)3-N,N-dimethylamino-1-propene (1.0 g, 0.05 mol)
was dissolved in anhydrous THF (50 ml) and placed in a 100 ml, threenecked, round-bottomed flask which had been equipped with magnetic
stirring.

Iodomethane (3.0 g, 0.2 mol) was added in one portion and the

resulting mixture was stirred for 4 h and filtered to yield 1.6 g (90%
yield) of a white solid:

mp 172-179°C; NMR (CDCl3 and CH3SOCH3-d5) o

3.05 (s,9H), 3.72 (s,3H), 4.60 (s,2H), 5.65 (s,2H), 6.80 (d,J=8Hz,2H)
and 7.42 (d,J=8Hz,2H); IR (nujol) 1600, 1520, 1250, 1180, 1030, 890 and
835 cm-1.
Anal. Calcd. for

c13 H20INO:

C, 46.85; H, 6.06; N, 4.20.

Found:

C,

46.53; H, 6.04; N, 3.99.
C. Preparation of 2-aryl-3-phenylthio-1-propenes from substituted 2arylprop-l-en-3-yltrimethylammonium iodides.

NaH

solvent
(reflux)

14

Table II
Experimental data for the preparation of arylallylsulfidesa

Solvent

R

Entry

@CH 3o-@CH 3o-@-

Time-h % Yieldb

bp

0

c

{mm Hg)

c

1,4-dioxane

24

97

99-110 {0.15)

b

1,4-dioxane

20

85

98-120 {0.10)

e

THF

24

81

102-140 {0.10)

4

f

THF

21

90

137-155 {0.20)

5

g

THF

22

85

109-135 {0.20)

6

h

THF

16

94

105-130 (0.10)

1

2

3

CH 30

aFor every quaternary ammonium salt group converted into a thioether
group, one mole of triethylamine and one mole of sodium iodide are
formed.
bAll compounds were determined to be greater than 95% pure by TLC
analysis.

INMR (CDC1 3 ) o 3.95 (s,2H), 5.15 (broad s,lH), 5.40 {broad s,lH) and
7.05-7.60 (m,lOH);

IR {thin film} 3040, 1580, 1475, 1435, 1300, 1230,

1025, 900, 775, 740 and 690 cm- 1 ; mass spectrum m/e 226 (M+).

15
dsee the following experimental procedure for spectral data.

eNMR (CDCl3) o 3.85 (s,6H), 3.95 (s,2H), 5.10 (broad s,lH), 5.43 (broad
s,lH) and 6.80-7.50 (m,8H);

IR (thin film) 3040, 2920, 1600, 1580,

1510, 1475, 1450, 1435, 1410, 1300, 1250, 1230, 1170, 1140, 1090, 1025,
900, 855, 805, 765, 740 and 690 cm-1; mass spectrum m/e 286 (M+).

fNMR (CDCl3) o 3.95 (s,2H), 5.60 (broad s,lH), 5.20 (broad s,lH), 7007.60 (m,8H) and 7.60-8.10 (m,4H);

IR (thin film) 3040, 1630, 1580,

1505, 1475, 1435, 1230, 1090, 1025, 1000, 910, 860, 800, 780, 740 and
690 cm-1; mass spectrum m/e 276 (M+).

9NMR (CDCl3) o 3.80 (s,2H), 5.08 (broad s,lH), 5.30 (broad s,lH) and
7.05-7.48 (m,9H); IR (thin film) 3040, 1620, 1580, 1485, 1475, 1435,
1390, 1305, 1295, 1225, 1110, 1090, 1070, 1025, 1010, 900, 830, 735 and
690 cm-1; mass spectrum m/e 304, 306 (M+).

hNMR (CDC1 3 ) a 3.85 (s,2H), 5.10 (broad s,lH), 5.30 (broad s,lH) and
7.03-7.52 (m,9H); IR (thin film) 3040, 1620, 1575, 1485, 1475, 1432,
1390, 1305, 1290, 1225, 1150, 1090, 1065, 1020, 1010, 900, 830, 760,
735, and 688 cm-1; mass spectrum m/e 260, 262 (M+).
2-(p-Methoxyphenyl)-3-phenylthio-1-propene
A 250 ml three-necked, round-bottomed flask was equipped with a
reflux condenser, thermometer adapter, thermometer, stirring bar and
glass stopper.

A nitrogen atmosphere was maintained at all times.

Into

the flask was placed 0.264 g (0.011 mol) of sodium hydride (60%
dispersion over mineral oil) and 50 ml hexane.

The mixture was stirred

for several min after which the hexane was removed using a cannula
syringe and vacuum.

Once the mineral oil was removed by the hexane

wash, 0.728 g (6.61x10-3 mol) of benzenethiol and 100 ml of 1,4-dioxane
was added to the dry sodium hydride.

The mixture was stirred for
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several min and 2.00 g (6.0lxlo- 3 mol) of the salt (entry 3, Table II)
was added in one portion.
h.

The resulting mixture was refluxed for 20

After the mixture was cooled to room temperature, the solvent was

removed in vacuo and the residue was partitioned between chloroform (75
ml) and water (75 ml).

The aqueous phase was extracted with additional

chloroform (2x50 ml) and the combined chloroform extracts were dried
over anhydrous magnesium sulfate.

The drying agent was removed by

filtration and the solution concentrated in vacuo to leave 1.65 g of a
brown-yellow liquid.

This material was distilled (Kugelrohr) to yield

1.38 g (85% yield) of a brownish liquid:

bp 98-12o 0 c (0.10 mm); NMR

(CDCl3) o 3.80 {s,3H), 3.92 {s,2H), 5.10 (broad s,lH), 5.33 (broad
s,lH), 7.92 (d,J=9Hz,2H) and 7.17-7.66 (m,7H); IR (thin film) 3040,
2990, 2920, 2900, 2820, 1600, 1520, 1475, 1435, 1300, 1285, 1180, 1090,
1030, 900, 830, 740 and 690 cm-1; mass spectrum m/e 256 (M+).
D. Preparation of 2-aryl-3-phenylsulfonyl-1-propenes from 2-arylprop-1en-3-yltrimethyl ammonium iodides.

11 4-D ioxane

PTC
(reflux)

I
I
I
I
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Tab 1e II I
Experimental data for the preparation of arylallylsulfonesa
Reaction
Time (h)

% Yieldb

bp (rmn Hg)
or mp (°C)

c

22

50

69-75

d

28

70

120-144 (0.20)

e

24

61

151-165 (0.20)

4

f

22

5

g

28

43

59-67

6 c1--@-

h

22

50

76-83

R

Entrt

1

@o-@-

2 CH 3

o-@-

3 CH 3

CH 30

aPoly(ethylene glycol)(MW=8000 g/mol) was added to each reaction as a
phase transfer catalyst.
follows:

Specific quantities added for each entry

(1) 0.012 g; (2) 0.084 g; (3) 0.047 g; (4) 0.046 g; (5) 0.022

g; (6) 0.139 g.
bAll compounds were determined to be greater than 95% pure by TLC
analysis, unless otherwise indicated.
cNMR (CDC1 ) ~ 4.23 (s,2H), 5.17 (s,lH), 5.54 (s,lH), 7.05-7.59 (m,8H)
3
and 7.60-7.91 (m,2H); IR (nujol) 1620, 1600, 1570, 1500, 1400, 1300
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(broad), 1240, 1180, 1080, 1025, 1000, 930, 925, 895, 850, 780, 750 and
620 cm- 1 ; mass spectrum m/e 258 (M+).
dp1ease see the following experimental procedure for spectral data.
eNMR (CDC1 3 ) a 3.81 (s,6H), 4.28 (s,2H), 5.13 (broad s,lH), 5.61 (broad
s,lH), 6.90 (m,3H) and 7.50-8.00 {m,5H); IR (thin film) 3000, 2900,
2820, 1600, 1580, 1512, 1460, 1442, 1413, 1305, 1252, 1150 {broad),
1080, 1020, 950, 885 and 690 cm-1; mass spectrum m/e 318 (M+).
frhis reaction proceeded to less than 5% conversion of substrate to
product as indicated by TLC and NMR analysis.
9To prepare an analytically pure sample, 0.609 g of crude material was
purified using a chromatotron and a 1 mm plate of silica gel to give
0.385 g pure material (eluent:

50/50, v/v, EtOAc/hexane):

NMR

(CDC1 3 ) o 4.20 (s,2H), 5.20 (s,lH), 5.53 (s,lH) and 7.03-7.90 (m,9H); IR
(thin film) 2920, 1740, 1720, 1620, 1585, 1485, 1442, 1390, 1315, 1302,
1235, 1135, 1080, 1010, 920, 890, 830, 750, 721 and 690 cm-1; mass
spectrum m/e 336, 338 (M+).
hro purify this material, 0.556 g crude material was purified using a
chromatotron and a 1 mm plate of silica gel to give 0.427 g pure sample
(eluent:

70/30, v/v, hexane/EtOAc):

NMR (CDCl3) o 4.17 (s,2H), 5.13

(s,lH), 5.57 (s,lH), 7.15-7.31 (m,4H) and 7.40-7.87 {m,5H); IR (nujol)
1895, 1860, 1770, 1615, 1580, 1320, 1305, 1240, 1140, 1085, 1045, 1010,
930, 890, 835, 785, 770,

750, 735, 690, 665 and 640 cm-1; mass spectrum

m/e 292, 294 (M+).
2-(p-Methoxyphenyl)-3-phenylsulfonyl-l-propene
A 250 ml three-necked, round bottom flask was equipped with a
reflux condenser, thermometer adapter, thermometer, stirring bar and
glass stopper.

A nitrogen atmosphere was maintained at all times.

Into
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the flask was placed 1.170 g {7.13xlo- 3 mol) of benzenesulfinic acid
{sodium salt), and 100 ml of dry 1,4-dioxane.

While stirring this

solution at room temperature, 1.989 g (5.97x10-3 mol) of 2-(p-methoxyphenyl )prop-1-en-3-yltrimethylammonium iodide (entry 2, Table III) and
0.084 g of poly(ethylene glycol) {MW= 8000 g/mol) was added.
reaction mixture was refluxed for 28 h.

The

After cooling the flask, the

1,4-dioxane was removed by rotary evaporation, and the brown residue was
partitioned between chloroform (75 ml) and water (75 ml).

The aqueous

phase was then extracted with additional chloroform (2x50 ml) and the
combined chloroform extracts were dried over anhydrous magnesium
sulfate.

The drying agent was removed by gravity filtration and the

solution concentrated in vacuo to leave 1.571 g of a brown semisolid.
This crude material was then column chromatographed, and this
chromatographed material was distilled (Kugelrohr) to yield 1.196 g
bp 120-144°c (0.20 mm Hg); NMR {CDC1 3 )o
3.80 (s,3H), 4.30 (s,2H), 5.11 {broad s,lH), 5.52 (broad s,lH), 6.70
(69.5%) of a brown liquid:

(d,J=10Hz,2H), and 7.20-7.92 (m,7H); IR (thin film) 3050, 2825, 1603,
1510, 1440, 1318, 1304, 1250, 1180, 1160, 1138, 1082, 1030, 910, 890,
835, 790, 750, 730, 690 and 610 cm-1; mass spectrum m/e 288 (M+).
E. Preparation of 3-(2-aryl-1-propenyl}2-(1-methylimidazoyl} thioethers
from 2-arylprop-1-en-3-yltrimethylammonium iodides.

NaH
solvent
(reflux)

20
Table IV
Experimental data for the preparation of arylallylimidazoyl thioethersa
Reaction
Time (h)

R

Ent rt

@o-@-

% Yieldb

bp 0 c
(mm Hg)

c

24

92

145-160 (0.08)

d

20

99

145-165 (0.10)

3 CH 3
CH 30

e

18

62

178-200 (0.10)

4

f

26

22

5

g

26

99

146-162 (0.50)

6 c1-@-

h

17

89

142-165 (0.40)

1

2 CH 3

o-@-

aFor every quaternary ammonium salt group converted into a thioether
group, one mole of triethylamine and one mole of sodium iodide are
formed.
bAll yields reported refer to crude yields unless otherwise stated.
Csee the following experimental procedure for spectral data.
dThis material was distilled (Kugelrohr) to give 1.282 g (82% yield) of
NMR (CDC1 3 ) o 3.44 (s,3H), 3.85 (s,3H), 4.13 (s,2H),
5.10 (broad s, lH), 5.30 (broad s,lH) and 6.84-7.55 (m,6H); IR {thin
a brownish liquid:
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film) 2920, 2820, 1600, 1510, 1455, 1405, 1280, 1250, 1180, 1120, 1030,
900 and 835 cm- 1 ; mass spectrum m/e 260 (M+).
9ro prepare an analytically pure sample, 0.503 g of crude material was
NMR (CDC1 ) 0 3.44
3
{s,3H), 3.90 {s,6H), 4.18 (s,2H), 5.13 (broad s,lH), 5.33 {broad s,lH),

distilled {Kugelrohr) to give 0.298 g pure material:

6.78-7.17 (m,4H) and 7.54 (s,lH); IR (thin film) 2945,

2820~

1600, 1575,

1510, 1460, 1410, 1330, 1300, 1275, 1255, 1227, 1180, 1140, 1025, 910,
855, 810, 785 and 750cm-1; mass spectrum m/e 290 {M+).
fNMR spectroscopy revealed that this reaction gave a mixture of products
in low yield.
9To prepare an analytically pure sample, 0.540 g of crude material was
purified using a Harrison chromatotron with a 1 mm silica gel plate to
give 0.210 g clean material (eluent:

60/40, v/v, EtOAc/hexane):

NMR

(CDCl3) 6 3.40 {s,3H), 4.10 (s,2H), 5.20 (broad s,lH), 5.40 (broad
s,lH), 6.87 (s,lH), 7.08 (s,lH) and 7.25-7.60 (m,4H); IR {thin film)
2930, 1485, 1450, 1405, 1390, 1275, 1120, 1070, 1010, 910, 830 and
730cm-1; mass spectrum m/e 308, 310 (M+).
hro purify this material, a 0.582 g crude sample was purified using a
Harrison chromatotron to give 0.450 g pure sample (eluent:

60/40, v/v,

NMR (CDC1 3 ) c 3.41 (s,3H}, 4.15 (s,2H), 5.20 {broad
s,lH), 5.40 (broad s,lH), 6.90 {s,lH), 7.18 (s,lH) and 7.39 (s,4H); IR
EtOAc/hexane):

(thin film) 3080, 2940, 1620, 1590, 1490, 1450, 1410, 1275, 1120, 1100,
1010, 910, 835, 785, 765 and 690 cm-1; mass spectrum m/e 264, 266 (M+}.
3-(2-Phenyl-1-propenyl)2-(1-methylimidazoyl) thioether
A 250 ml three-necked, round-bottomed flask was equipped with a
reflux condenser, thermometer adapter, thermometer, stirring bar and
glass stopper.

A nitrogen atmosphere was maintained at all times.

Into
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the flask was placed 0.299 g (0.012 mol) of sodium hydride (60%
dispersion over mineral oil) and 50 ml hexane.

The mixture was stirred

several minutes, after which the hexane was removed using a cannula
syringe and vacuum.

Once the mineral oil was removed by the hexane
wash, 0.830 g (7.27xlo- 3 mol) of 2-mercapto-1-methylimidazole and 100 ml
of THF was added to the dry sodium hydride.

The mixture was stirred for

several minutes and 2.00 g (6.62xlo-3 mol) of entry 1 (Table IV), was
added in two portions.
24 h.

The resulting mixture was refluxed at 66oc for

After the solution was cooled to room temperature, the solvent

was removed in vacuo (using a rotating evaporator), and the residue was
partitioned between chloroform (75 ml) and water (75 ml).

The aqueous

phase was extracted with additional CHC1 3 (2x50 ml), and the combined
CHCl3 extracts were dried over anhydrous magnesium sulfate.

The drying

agent was removed by gravity filtration and the solution was
concentrated in vacuo to afford 1.432 g of a yellow liquid.

To prepare

an analytically pure sample, 0.701 g crude material was distilled
(Kugelrohr) to give 0.601 g pure material:

bp 145-165 °c (0.08 mm Hg) .;

NMR (CDC1 3 ) 8 3.50 (s,3H), 4.12 (s,2H), 5.14 (s,lH), 5.37 {s,lH), 6.87
(s,lH), 7.13 (s,lH) and 7.20-7.55 (m,5H); IR (thin film) 2940, 1620,
1600, 1570, 1490, 1450, 1405, 1280, 1225, 1120, 910 and 700 cm- 1 ; mass
spectrum m/e 230 (M+).
F. Preparation of 2-aryl-2-acetoxy-3-phenylsulfonyl-l-propanols fro m 2aryl-3-phenylthio-1-propenes

Ht#H
Glacial
Acetid
Ac.id

R

j,__

ff-@
0

5
/II

Hr 6;fu 0
I

C=O

I
CH 3
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Table V
Experimental data for the preparation of sulfonylhydroxyacetatesa
Temp
{oC}

Time
(h)

b

50

65

56.9

86.91

2 CH30-@-

c

50

68

72.9

112-122

o-@-

d

45

39

93.5

120-122

4

e

40

64

49.6

5

f

45

60

77.6

6 c1-@-

g

50

65

73.5

Entr~

R

1.

@-

3

CH 3

% Yield

bp (mm Hg)
or mp {°C)

CH30

44-54

130-145 (0.10)

aAll yields reported refer to crude yields unless otherwise noted.
bThis material was recrystallized from 100% EtOAc to give 1.17 g of a
NMR (CDC1 3 ) o 2.10 (s,3H), 3.90 (s,2H),
4.27 (s,2H), 4.87 {broad s,lH) and 7.27-7.63 (m,lOH); IR (nujol mull)

white crystalline material:

3540, 3485, 1730, 1310, 1150, 860, 800 and 685 cm-1; mass spectrum m/e
335 ( M+, CI) .

Csee the following experimental procedure for spectral data.
dTo purify this material, 0.400 g crude material was chromatographed in
a Harrison chromatotron to give 0.312 g pure sample {eluent:

60/40,
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v/v, EtOAc/hexane):

NMR (CDCl3) o 2.05 (s,3H), 3.70 (s,3H), 3.83

(s,5H), 4.20 (s,2H), 4.80 (s,lH), 6.63-6.70 (m,3H) and 7.33-7.57 (m,5H);
IR (thin film) 3470 {broad), 2825, 1730, 1510, 1445, 1370, 1305, 1240,
1250 (broad), 1150, 750 and 690 cm-l; _mass spectrum m/e 395 (M+, CI).
9rhis reaction proceeded to give a mixture of several products, and was
interpreted by TLC and NMR to have proceeded only to a limited extent;
note also that a pure product could not be isolated using the
chromatotron.
fin order to prepare an analytically pure sample, 0.357 g crude sample
was chromatographed in a Harrison chromatotron to give 0.299 g of a pure
crystalline material (eluent:

60/40, v/v, EtOAc/hexane):

NMR

(CDC1 3 ) o 2.10 (s,3H), 3.75 (s,lH), 3.87 (s,2H), 4.23 (s,2H), and 7.237.67 (m,9H); IR (thin film) 3460 {broad), 2840, 1730, 1440, 1370, 1305,
1240, 1045, 870 and 685 cm-1; mass spectrum m/e:

413, 415 (M+, CI).

9To purify this material, 0.651 g crude sample was chromatographed in a
Harrison chromatotron to give 0.411 g of an oily substance (eluent:
NMR {CDC1 3 ) o 1.93 (s,3H), 3.87 {s,2H), 4.17
(s,2H), 4.77 (broad s, lH), and 7.05-7.67 (m,9H); IR (thin film) 3470

50/50, v/v, EtOAc/hexane):

(broad), 1740, 1490, 1445, 1305, 1225 (broad), 1150, 830 and 685 cm- 1;
mass spectrum m/e 369, 371 (M+, CI).
2-Acetoxy-2-(4-methoxyphenyl)-3-(phenylsulfonyl)-1-propanol
A 250 ml three-necked, round bottom flask was equipped with a
reflux condenser, thermometer adapter, thermometer, stirring bar and
glass stopper.
entry 2

Into the flask was placed 1.01 g (3.93xlo- 3 mol) of

(T~ble

V) and 100 ml glacial acetic acid. While stirring this
solution at room temperature, 5.41 g (3.52xlo- 2 mol) of sodium perborate

was added.

The reaction mixture was heated at 5o 0 c for 68 h, and the
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progress of the reaction was monitored by TLC analysis.

After cooling

the flask, the reaction mixture was diluted with 100 ml H20, and 3x50 ml
CHC1 3 extracts were taken of the acid solution using a separatory
funnel.

The combined CHC1 3 rinsings were washed with 2x200 ml saturated
NaHC0 3 solution (Caution!
this neutralization is . a very vigorous

reaction), and then dried over anhydrous MgS0 4 . The drying agent was
removed by gravity filtration and the solution concentrated in vacuo to
leave 1.044 g of a light colored semisolid.

In order to prepare an

analytically pure sample, 0.550 g crude material was chromatographed in
a Harrison chromatotron to yield 0.200 g of a brown semisolid (eluent:
mp 98-109°C; NMR (CDC1 3 ) o 2.07 (s,3H), 3.83
(s,3H), 3.93 (s,2H), 4.34 (s,2H), 4.60 (broad s, lH), 6.67 (d,J=8Hz,2H)

60/40, v/v, hexane/EtOAc):

and 7.20-7.70 (m,7H); IR (thin film) 3480 (broad), 3010, 1735, 1510,
1305, 1150, 1080, 1040, 830 and 685 cm-1; mass spectrum m/e 365 (M+,

cI).
1 -1-

R

0

-Jc5'

1 ~s~
'?Y

HI

11

t:

solvent
+

Na803 ·4H 20

11

HH 0

2-Acetoxy-2-(4-methoxyphenyl)-3-(phenylsulfonyl)-l-propanol
A 250 ml three-necked, round bottom flask was equipped with a
reflux condenser, thermometer adapter, thermometer, stirring bar and
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glass stopper.

A nitrogen atmosphere was maintained at all times. Into
the flask was placed 0.692 g (2.40 x 10- 3 mol) of 2-(p-methoxyphenyl)-3phenylsulfonyl-1-propene (refer to Table III, entry 2) and 100 ml
glacial acetic acid.

While stirring this solution at room temperature,

3.70 g (2.40 x 10-3 mol) of sodium perborate was added.
material was heated to 45°C for 51 h.

The reaction

After cooling the flask, the

reaction mixture was diluted with 100 ml H2o, and 3 x 50 ml CHc1 3
extracts were taken from the acid solution using a separatory funnel.
The combined CHCl3 rinsings were washed with 2 x 200 ml saturated NaHco 3
solution (Caution! - this neutralization is a very vigorous reaction),
and then dried over anhydrous MgS0 4 • The drying agent was removed by
gravity filtration and the solution concentrated in vacuo to leave 0.798
g of a light colored semisolid (91.3% crude yield):

mp 98-109°C, NMR

(CDC1 3 ) o 2.07 (s,3H), 3.83 (s,3H), 3.93 (S,2H), 4.34 (s,2H), 4.60
(broad s,lH), 6.67 (d,J=8Hz,2H) and 7.20-7.70 {m,7H); IR {thin film)
3480 {broad) 3010, 1735, 1510, 1305, 1150, 1080, 1040, 830 and 685 cm- 1 •

DISCUSSION OF RESULTS
The preparation and subsequent reactions of 2-arylprop-1-en-3yltrimethyl ammonium iodides with various sulfur nucleophiles have
proceeded readily, thus illustrating the synthetic versatility of
quaternary ammonium salt systems.

All products obtained were

characterized by NMR and IR spectroscopy.32,33

In order to obtain an

analytically pure sample, either distillation, recrystallization, column
chromatography, or the use of a chromatotron was employed.
The 2-arylprop-1-en-3-yltrimethylammonium iodides were easily
prepared in nearly quantitative yield by stirring a mixture of excess
methyl iodide in THF with the requisite ally1ic amine and then filtering
off the solid product.

These compounds were easily characterized by

their broad singlet at 3.35 ppm in the proton NMR spectrum, which
corresponded to the -N(CH3)3 group.

The downfield shift of the -CH2-N-

hydrogens to 5.00 ppm after quarternization was also consistent with the
anticipated structure.

As an example of an NMR spectrum, refer to

Figure 14 for the designation of protons in the NMR spectrum of 2phenylprop-1-en-3-y1trimethylammonium iodide.

Interpretation of the IR

spectrum of these compounds consistently revealed the vinylidine
absorption band between 895-885 cm- 1 •
The experimental data for the preparation of arylallylsulfides
appears in Table 11.

A clDser ]Dok at the £ompounds listed in Table II

reveals that they can be synthesized in either 1,4-dioxane or THF.
is suggested that THF be the solvent of choice for these reactions,
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It
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because the formation of arylallylsulfides occurred in excellent yields
at the milder THF reflux conditions.

These reactions listed were also

very easy to scale-up, showing no appreciable change in final product or
yields obtained.

These compounds were easily characterized by the IR

stretching vibrations of the C-S linkage in the region of 700-600 cm-1,
and the vinylidine stretching vibrations between 895-885 cm-1.

When the

NMR spectra of the quaternary ammonium starting material and the
arylallylsulfide product were compared, it was noticed that the broad
singlet corresponding to the -N(CH 3 )3 group of the starting material was
absent in the spectra of the products. In addition, the upfield shift
of the -CH2-S- hydrogens to 3.95 ppm was also consistent with the
anticipated structure.

The NMR spectrum of 2-phenyl-3-phenylthio-1-

propene is outlined in Figure 15 in order to serve as an example of a
typical NMR spectrum for these arylallylsulfide products.

The mechanism

in Figure 16 is proposed to explain formation of 2-phenyl-3-phenylthio1-propene from 2-phenylprop-1-en-3-yltrimethylammonium iodide, and is
representative of all the reactions performed in Table II.
mechanism presented could involve an SN2

,

The

process which could have

occurred by an addition-elimination sequence.

It should be noted that

this proposed mechanism is similar to the mechanism shown in Figure 7,
both involving the attack of a nucleophile on the pi system of the
vinylidine group.

Also, it should be mentioned that a direct SN2

displacement on the nitrogen bearing carbon cannot be ruled out in this
proposed mechanism.
The formation of 2-aryl-3-phenylsulfonyl-1-propenes from 2arylprop-1-en-3-yltrimethylammonium iodides proceeded smoothly and in
good yields {Table III).

The procedure is straightforward, involving _
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only stirring a solution of the requisite allylic quaternary ammonium
iodide, one equivalent of benzenesulfinic acid (sodium salt), and 12 mg
of PEG-8000 in 1,4-dioxane at reflux.

The PEG-8000 was added to the

reaction in order to serve as a phase transfer catalyst, and was removed
from the resultant product by column chromatography.
Entry 4 in Table III, however, was not isolated from the reaction
mixture.

A reason that would explain why this reaction did not proceed

could be that steric hindrance was a factor.

The napthyl group on the

quaternary ammonium iodide could have blocked the nucleophilic attack by
the sulfone group on benzenesulfinic acid, thus preventing any possible
addition-elimination sequence from taking place.
The 2-aryl-3-phenylsulfonyl-1-propenes that were isolated from the
reaction material were easily characterized by NMR and IR after
purification (Table III).

The typical IR spectrum of an arylallyl-

sulfone exhibited the following absorption bands:

1658-1648 cm-1 and

895-885 cm-1 due to vinylidine stretches; 1330-1300 cm-1 and 1160-1120
cm-1 due to sulfone absorptions; and 700-600 cm-1 due to the C-S
stretching vibrations.

As in the case of arylallylsulfides, the NMR

spectrum of arylallylsulfones shows loss of the -N(CH 3 )3 group from the
allylic quaternary ammonium starting material with the upfield shift of
the -CH 2-s- hydrogens.
is given in Figure 17.

The NMR spectrum of a typical arylallylsulfone

A proposed mechanism for the SN2

attack of the sodium salt of

benzenesulfinic acid on an allylic quaternary ammonium iodide is
analagous to the proposed mechanism presented in Figure 16.

This also

happens to be the case of the nucleophilic attack of the sodium salt of
2-mercapto-1-methylimidazole (Table IV) on an allylic quaternary
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ammonium iodide.

We can therefore generalize that the proposed

mechanism shown in Figure 16 is analagous to any nucleophilic attack by
a sulfur compound on the pi electron cloud of the vinylidine system of a
quaternary ammonium iodide.
The preparation of 3-(2-aryl-1-propenyl)2-(1-methylimidazoyl)thioethers from 2-arylprop-1-en-3-yltrimethylammonium iodides (Table IV)
was successful, except one certain reaction attempted.

Specifically,

entry 4 in Table IV was isolated in very low crude yield.

As in the

case of entry 4 in Table III, steric hindrance of the napthyl moiety is
perhaps the reason for this low reaction yield.
The arylallylimidazoyl thioethers that were isolated from the
reactions listed in Table IV were easily characterized by their singlet
at 3.50 ppm in the proton NMR spectrum, which corresponded to the methyl
group on the imidazole ring.

As in the case of the arylallylsulfide and

arylallylsulfone NMR spectra, when the NMR spectrum of the quaternary
ammonium starting material was compared to the product, the singlet
corresponding to the -N(CH 3) 3 group of the starting material was absent
in the imidazoyl thioether spectrum. Also, the upfield shift of the
-CH 2-s- hydrogens to 4.12 ppm was consistent with the anticipated
structure.

The NMR spectrum of an arylallylimidazoyl thioether is

presented in Figure 18.

The IR spectra of these compounds consistently
revealed the vinylidine absorption band between 895-885 cm- 1 and the
stretching vibrations of the C-S linkage in the region of 700-600 cm- 1.
After the arylallylimidazoles were synthesized, a report by Trost
and Ghadiri30 describing the alkylation of sulfones via Lewis acid
promoted substitutions caught our attention.

We therefore proceeded to

synthetically scale-up to five grams the preparation of 2-aryl-3-
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phenylsulfonyl-1-propenes from 2-arylprop-1-en-3-yltrimethylammonium
iodides.

However, much to our dismay, the products of all of the

reactions that were run at a five gram scale gave complex NMR and IR
spectra when compared to those spectra previously obtained.

We did not

deduce until a later date that the reaction solvent used for the scaleup reactions was contaminated, thus giving many reaction products.
Meanwhile, we had decided that we should look into the possibility of
oxidizing the arylallylsulfides to their corresponding
arylallylsulfones, especially since we had already demonstrated that the
preparation of arylallylsulfides could easily be scaled-up.

A review by

March3 listed several references detailing the conversion of sulfides to
sulfones via different oxidizing agents.

Specifically, we came across a

paper by McKillop and Tarbin31 describing the use of sodium perborate in
glacial acetic acid as an effective reagent for the oxidation of
sulfides.
Sodium perborate34 has the formula NaB0 3 ·4H 2o, and is in fact a
cyclic compound (Figure 19). Sodium perborate is a very cheap, large
scale industrial chemical used primarily as a source of "active oxygen"
in detergents and as a mild antiseptic in mouthwash.31

Sodium perborate

has been used for the oxidation of alkenylboronic acids,35 for the
oxidation · of anilines to azo compounds,36,37 for the cleavage of
a-diketones,38 and for the low yield epoxidation of a number of
quinones.3 9
We therefore examined the use of sodium perborate for the oxidation
of the arylallylsulfides to the corresponding arylallylsulfones.

Since

we did not want to convert the arylallylsulfides to the corresponding
arylallylsulfoxides, an excess of sodium perborate was employed using
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glacial acetic acid as the solvent.

The reaction was relatively

straightforward, where 9-10 equivalents of sodium perborate and the
requisite arylallylsulfide was stirred in glacial acetic acid at sooc.
The reaction was followed for several days by TLC, then cooled, and 100
ml of water was added.

Several chloroform extracts were taken from the

acid solution, then neutralized with sodium bicarbonate washes.

The

resulting material was characterized by NMR and IR spectroscopy.

Much

to our surprise, the NMR revealed a singlet at 2.10 ppm, and there were
no vinyl hydrogens in the spectrum as was expected from our results
given in Table III.

Interpretation of the IR spectrum revealed an -0-H

absorption (3540 cm-1), a C=O absorption (1730 cm-1), as well as a
sulfone absorption (1310 cm-1).

We therefore concluded that instead of

preparing the desired arylallylsulfone, we had synthesized a sulfonylhydroxyacetate.
Table V lists the experimental data for the preparation of a
variety of sulfonylhydroxyacetates from the corresponding arylallylsulfides.

These reactions were shown to proceed cleanly and in

relatively good yields.

Figure 20 lists the protons responsible for

peaks in the NMR spectrum of 2-acetoxy-2-phenyl-3-phenylsulfonyl-1propanol.

A proposed mechanism for the formation of a

sulfonylhydroxyacetate is shown in Figure 21.

The mechanism could

involve the formation of an epoxide intermediate and subsequent attack
by the solvent to give the sulfonylhydroxyacetate.
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Peak assignments
Chemical shifts
Protons
ppm
a
6.12 (s,lH)
b
5.85 (s,lH)
c
5.00 (s,2H)
d
3.35 (s,9H)
e
7.25-7.85 (m,5H)

a H {
H
b

H H

~1
c

Figure 14. Protons responsible for the peaks in the NMR spectrum of 2phenylprop-1-en-3-yltrimethyl ammonium iodide.
Peak assignments
Chemical shifts
Protons
ppm
a
7.05-7.60 (m,lOH)
b
3.95 (s,2H)
c
5.40 (broad s,lH)
d
5.15 (broad s,lH)

Figure 15. Protons responsible for the peaks in the NMR spectrum of 2phenyl-3-phenylthio-1-propene.

I

/'~(CH)

~33

THF

~

+Na I

s

reflux

+s-0

Na~

Figure 16. Proposed mechanism for the formation of 2-phenyl-3phenylthio-1-propene in an addition-elimination process.
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Peak assignments
Chemical shifts
Protons
ppm
a
4.23 (s,2H)
b
7.05-7.91 (m,lOH)
c
5.17 (s,lH)
d
5.54 (s,lH)

Figure 17. Protons responsible for the peaks in the NMR spectrum of 2phenyl-3-phenylsulfonyl-1-propene.

Peak assignments
Chemical shifts
Protons
ppm
a
7.20-7.55 (m,5H)
b
7.13 (s,lH)
c
6.87 (s,lH)
d
5.37 (s,lH)
e
5.14 (s,lH)
f
4.12 (s,2H)
g
3.50 (s,3H)

H d

Figure 18. Protons responsible for the peaks in the NMR spectrum of 3(2-phenyl-1-propenyl )2-(1-methylimidazoyl) thioether.

35

+
2 Na

Figure 19.

The structure of NaB0 3 ·4H 2o.

Peak assignments
Chemical shifts
Proton
ppm
a
7.27-763 (m,lOH)
b
3.90 (s,2H)
c
2.10 (s,3H)
d
4.87 (broad s,lH)
e
4.27 (s,2H)

e "<:::::;: ~ H
H

c

Figure 20. Designations of protons in 2-acetoxy-2-phenyl-3phenylsulfonyl-1-propanol.
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Figure 21. Suggested mechanism explaining formation of
sulfonylhydroxyacetates.

.

CONCLUSIONS
The reactions of 2-arylprop-1-en-3-yltrimethylammonium iodides with
various sulfur nucleophiles was investigated in hopes of obtaining new
synthetically useful intermediates.

These reactions were performed to

help our fundamental understanding of these particular quaternary
ammonium systems.
The preparation of 2-arylprop-1-en-3-yltrimethylammonium iodides
from their corresponding allylic amines was shown to proceed smoothly
under mild conditions and in nearly quantitative yields.

These 2-

arylprop-1-en-3-yltrimethylammonium iodides were found to react smoothly
with the following sulfur compounds:

benzenethiol; the sodium salt of

benzenesulfinic acid; and 2-mercapto-1-methylimidazole.

The reactions

proceeded under relatively mild conditions to give the corresponding
arylallylsulfides, arylallylsulfones, and arylallylimidazoyl thioethers
in good to excellent yields.
involved an

SN2~

These reactions are believed to have

process which could have occurred by an addition-

el iminat ion sequence.
In addition, 2-aryl-3-phenylthio-1-propenes (adducts of the
benzenethiol reactions) were easily oxidized by sodium perborate in
glacial acetic acid, resulting in the unexpected formation of 2-aryl-2acetoxy-3-phenylsulfonyl-1-propanols in good yields.
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RECOMMENDATIONS
The following recommendations are suggested in order to direct
future research involving 2-arylprop-1-en-3-yltrimethylammonium iodides
and their corresponding sulfur adducts.
1.

In order to widen the scope of the reaction of 2-arylprop-1-en-3yltrimethylammonium iodides with sulfur nucleophiles, the
quaternary ammonium iodides studied in this report should be
reacted with the following potential sulfur nucleophiles:

4-

hydroxythiophenol; 2-mercapto-5-nitrobenzimidazole; 2mercaptopyrimidine; and 5-mercapto-1-methyltetrazole.
2.

It has been reviewed by March3 that sulfones can be alkylated in
the a-position if strong enough bases are used; in addition, Trost
and coworkers30 have recently reported novel synthetic applications
of sulfones via Lewis acid promoted substitutions.

However, these

reported synthetic methods did not include the sulfone adducts
prepared in this report; therefore, in light of these reports,
alkylation studies should be performed on the 2-aryl-3phenylsulfonyl-1-propenes synthesized in our laboratory.
3.

Mukaiyama and coworkers40 reported the alkylation of allyl 2pyridyl sulfide with alkyl halides where allyl-2-pyridyl sulfide
was used for a carbon-carbon bond formation with a minor double
bond migration.

It would therefore be interesting to study the

alkylkation of the 3-(2-aryl-1-propeny1)2-(1-methylimidazoyl)
thioethers prepared in our laboratory under similar conditions to
38
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those given by Mukaiyama and coworkers.

These alkylation studies

may be worthwhile to study because of the similarity of the
imidazole group on the thioethers to that of the pyridine group on
allyl-2-pyridyl sulfide.

REFERENCES
1.

Meyers, A.I.; Singh, S.

Tetrahedron Lett. (1967), 5313.

2.

Sutherland, 0. "Comprehensive Organic Chemistry", Volume 2;
Pergamon Press, Inc.: New York, 1979.

3.

March, J. "Advanced Organic Chemistry", 3rd ed.; John Wiley &
Sons: New York, 1985.

4.

Poulter, C.D.; Roberts, J.L.; Borromeo, P.S.
(1977), 1299.

5.

Moriya, T.; Hagio, K.; Yoneda, N.

6.

Gupton, J.; Colon, C.; Harrison, C.; Lizzi, M.; Polk, D.
J. Org. Chem. ( 1980), ~, 4522.

7.

Lizzi, M.J. Research Report, University of Central Florida,
Orlando, Florida, 1982.

8.

Gupton, J.T.; Andrew, S.S.; Lizzi, M.J.
_g, 361.

9.

Gupton, J.T.; Coury, H.; Moebus, M.; Fitzwater, S.
( 1986), J&, 1575.

Tetrahedron Lett.

Synth. Commun. (1981), 11, 561.

Synth. Commun. (1982),
Synth. Commun.

10.

Gupton, J.T.; Polaski, C.M.

Synth. Commun. (1981), 11, 561.

11.

Gupton, J.T.; Colon, C.

12.

Lloyd, D.; McNab, H.

13.

Liebscher, H.; Hartmann, H.

14.

Nair, V.; Cooper, C.S.

15.

Jutz, C.; Kirchlechner, R.; Seidel, H.
2301.

16.

Nilsson, L.

17.

Sundberg, R.; Walters, C.; Bloom, J.
3730.

J. Org. Chem. (1981), 46.

18.

Cook. A.

New York, 1969; pp. 185-192.

Synth. Commun. (1984), 14, 271.

Angew. Chem. Int. Ed. Engl. (1976), 15, 459.
Synthesis (1979), 241.

J. Org. Chem. (1981), 46, 4759.
Chem. Ber. (1969), 102,

Acta. Chem., Scand. Ser. B. (1979), 33, 547.

"Enamines"; Marcel Dekker:
40

41
Aldrichimica Acta. (1975),

~'

19.

Lane, C.

20.

Gupton, J.T., Andrew, S.S.; Lizzi, M.J.
361.

21.

Magid, R.M.

22.

Goering, H.; Tseng, C.; Paisley, S.
i!_, 2884.

23.

Gupton, J.; Layman, W.; Forman, J.T.
1393.

24.

Gupton, J.; Layman, W.

25.

Snyder, H.R.; Smith, C.W.; Steward, J.M.
(1944), ~, 200.

26.

Eliel, E.L.; Murphy, N.J.

27.

Woodward, R.B.; Cava, M.P.; Ollis, W.D.; Hunger, A.; Daeniker,
H.U.; Schenker, K. J. Amer. Chem. Soc. (1954), 76, 4749.

28.

Snyder, H.R.; Smith, V.W.

29.

Rawal, V.H.; Jones, R.J.; Cava, M.P.

30.

Trost, B.M.; Ghadiri, M.R. J. Am. Chem. Soc. (1986), 108, 1098.

31.

McKillop, A; Tarbin, J.

32.

Silverstein, R., Bassler, G., Morrill, T. "Spectrometric
Identification of Organic Compounds", 4th ed.; John Wiley
& Sons, Inc.: New York, 1981.

33.

Shriner, R.L., Fuson, R.C., Curtin, D.Y., Morrill, T.C. "The
Systematic Identification of Organic Compounds", 6th ed.;
John Wiley & Sons, Inc.: New York, 1980.

34.

Hansson, A.

35.

Matteson, D.S.; Moody, R.J.

36.

Mehta, S.M.; Vakilwala, M.V.

37.

Huestis, L.

38.

Allen, C.F.H.; Clark, J.H.

39.

Rashid, A; Read, G.

40.

Mukaiyama, T.; Narasaka, K.; Maekawa, K.; Furusato, M.
Bull. Chem. Soc. Japan (1971), 44, 2285.

Tetrahedron.

3.
Synth. Conmun. (1982), 12,

(1980), 36, 1901.
J. Org. Chem. (1986),
Synth. Commun. (1986), 16,

J. Org. Chem. (in press).
J. Amer. Chem. Soc.

J. Amer. Chem. Soc. (1944), 66, 200.

J. Amer. Chem. Soc. (1944), 66, 350.
J. Org. Chem. (1987), 52, 19.

Tetrahedron Lett. (1983), 1505

Acta Chem. Scand. (1961), 15, 934.
J. Org. Chem. (1980), 45, 1091.
J. Am. Chem. Soc. (1952), 74, 563.

Am. Chem. Soc. (1977), 54, 327.
J. Chem. Ed. (1942), 12_, 72.

J. Chem. Soc.,

1£1

(1967), 1323.

